INTRODUCTION
In 1963 the U.S. initiated a program aimed at the development and production of a commercial supersonic transport (SST). In 1971 the project was abandoned as a result of concerns about technical readiness, economic feasibility, federal financing, and environmental impact. In 1972 NASA started what is now called the Supersonic Cruise Airplane Research (SCAR) program. In contrast to the earlier SST project, the SCAR work is not aimed toward a production airplane, but rather, it is intended to establish a data base of advanced technology to be available for the design of future aircraft if and when the nation determines it is desirable to build them. The various elements of the program are relevent in varying degrees to both potential civil and military applications.
The total SCAR program has been funded at an annual rate of about 9 million dollars per year. It involves work in propulsion, aerodynamics, structures, and stability and control. However, this paper is limited to a survey of the SCAR propulsion activities. In this discussion, it should be recognized that there are many other projects within the general NASA research program that are applicable to both subsonic and supersonic flight. The intent of the SCAR program is to supplement the general activities with additional work that is focussed on those unique problems of supersonic aircraft that would otherwise not receive adequate attention.
RESEARCH ELEMENTS
The philosophy of the SCAR program has been to perform the great majority of the work through contracts with industry. Table   I The work in each of these categories will be briefly described in the following sections. As an indication of the relative effort expended in each category, table II shows how the propulsion budget has been distributed in each fiscal year. The total propulsion expenditures represent about one-quarter of the available SCAR funds.
PROPULSION SYSTEM STUDIES -Considerable work had been invested in propulsion during the original SST project, culminating with the building and testing of a preprototype engine -the GE/4, an afterburning turbojet. Nevertheless, when the SCAR program was begun, it was decided to start anew with a very broad study of all the plausible competing propulsion concepts. Starting from this broad base of parametric systems, it was planned to progressively move through a series of later studies, each time focussing in greater detail on a smaller number of promising candidates. This approach is represented by the triangle of figure 1. The results of the studies were to serve several purposes:
• to determine the favored propulsion concept (s)
• to identify the associated technology needs in order to guide the supporting research activities that are described in the later sections of this paper to generate engine performance data to be used in overall airplane studies by airframe contractors in other parts of the SCAR program ultimately, to define an experimental engine program, if the selected concept were sufficiently unusual and if funds were available There were several reasons for starting with such a broadbased study program:
The entire SCAR program is a long-term one, having no specific target date, thus allowing time for a new, open-minded analysis that could incorporate advances in technology.
* Environmental considerations are recognized to a greater degree than in the SST project, with a correspondingly greater impact on engine design. * New engine concepts have been proposed which require extensive study before their true merits can be established.
The program that was set up has involved major contracts with the General Electric Company and Pratt and Whitney Aircraft Company.
It was presumed in these studies that an advanced commercial supersonic transport would have to meet the same environmental regulations as new subsonic transports. In the case of noise, the studies sought to determine the ability of each engine type to satisfy the present FAR-36 limits and also to find the penalties involved in meeting more stringent limits, which might be in force at the time a future airplane is placed into service (perhaps 10-20 years from now).
The widely varying flight conditions faced by a supersonic transport, aggravated by the noise constraint, make it difficult to design a light-weight, efficient, conventional engine. For example, good takeoff thrust, low jet noise, and efficient subsonic operation are best provided by a high-bypass-ratio turbofan.
On the other hand, best supersonic cruising is obtained with a low-bypass-ratio turbofan or a turbojet. The variable-cycle engine tries to satisfy both of these requirements through internal changes of airflows and jet velocities. Many techniques have been proposed for accomplishing this; the real problem is how to do it without incurring excessive weight and drag penalties. The preceding results have been obtained under static conditions. However, it has been observed in the past that in-flight suppressor performance tends to be worse than static. Figure 4 illustrates how important it is to properly account for the flight effects. Until fairly recently it was common to adjust static measurements of noise to flight conditions through a "relative velocity" correction specified by a standard SAE document.
Furthermore, it was usually assumed that a noise suppressor is as effective in flight as it is statically. However, as shown in the figure, recent flight data indicate that both of these approaches are overly optimistic. Hence, it is planned in future work with coannular nozzles to extend the tests to simulations of the flight environment.
In the meantime, fundamental studies have been initiated by both Boeing and Lockheed. These studies will investigate the theoretical and practical problems associated with acoustical propagation from a moving source to. a stationary observer, plus jetnoise source alteration due to motion of the surrounding air, and techniques to verify these effects.
An additional basic study that is planned to start soon will obtain experimental data on atmospheric absorption of noise as a function of temperature and humidity for frequencies up to 100,000 hertz. The high frequency information is necessary to interpret model scale data, especially on suppressed configurations with very small elements.
POLLUTION REDUCTION -Growing concern has been evidenced in recent years about the problem of pollution of the atmosphere.
Although aircraft are relatively small contributors to this problem, they are felt to be significant polluters in the vicinity of airports. Accordingly the Environmental Protection Agency has established goals for the reduction of carbon monoxide, unburned hydrocarbons, and nitrogen oxides emitted by subsonic transports during the takeoff and landing process. Supersonic aircraft add a new dimension to the problem. They will cruise at altitudes well into the stratosphere ( 20km), which has aroused fears of possible adverse climatic effects. One concern is that the formation of SO 2 may affect atmospheric opacity and thus change surface temperatures.
Removal of sulphur during the fuel refining process can eliminate this problem. The principal remaining worry is that nitrogen-oxide The preceding discussion has been in terms of primary combustors. The turbofans and variable-cycle concepts now being considered usually incorporate either afterburners or duct burners, which may be used during both takeoff and cruise. The typically low pressures and high velocities in an augmentor tend to make high efficiency and low emissions difficult to achieve. It is hoped to start an extensive research program in this area in the near future.
PROPULSION DYNAMICS -The performance of a supersonic airplane is quite sensitive to the performance of the inlet diffuser, which must capture the streamtube of rapidly-moving air, slow it to low velocity, and efficiently convert its kinetic energy to high pressure before entering the engine. In the mixed-compression type of inlet that is of present interest for a supersonic transport, maximum performance is obtained when the air is decelerated to subsonic velocity through a terminal shock that is located at the throat (i.e. minimum-flow-area point) within the inlet. If the shock is allowed to move downstream, the pressure recovery of the inlet suffers and there is high distortion of the airflow. However, with the shock near the throat, small changes in engine flow or inlet capture flow can create an inlet unstart. An unstart is when the shock moves upstream of the throat, which is an unstable location, and then rapidly pops out of the inlet entirely, which results in a large thrust loss, a tendency for the airplane to yaw and roll, and passenger discomfort. Typical causes of such unstarts are: engine throttle changes, augmentor light-up, atmospheric turbulence or temperature variation, shock waves from other aircraft.
A new type of inlet stabilization device to minimize this occurrence of unstart is presently being investigated that has faster response and lower losses than previous techniques. The new approach, like many previous ones, operates on the principle of bleeding air out of the inlet whenever the shock moves too UNIQUE COMPONENTS -The preceding sections have described research related to exhaust nozzles, combustors, and inlets that is covered by the noise, pollution, and dynamics programs. It was felt that the propulsion systems studies would identify other supersonic engine components that deserved attention. These components are covered under the final catch-all category of "Unique
Components." The primary subject that has so far been addressed in this category is the general one of materials. Improved materials are recognized to be beneficial in any type of engine; however, the unique design and operating conditions of a supersonic engine has led to work in two particular areas. These results offer hope for the successful completion of the current B-Al program, which includes obtaining design data, fabricating and testing blades in whirling arm impact tests, and demonstration of performance gains in ground engine tests.
Exhaust system components -A supersonic propulsion system has many more complex and heavy parts exposed to hot exhaust gases than does a subsonic engine (e.g. variable-geometry convergentdivergent exhaust nozzle, noise suppressor, and augmentor).
Consequently, the benefit of using lighter-weight materials is To verify this potential, an experimental program is underway that will screen candidate matrixes, develop fabrication techniques, and test panels and actual component shapes.
CONCLUDING REMARKS
A long-term research program is being conducted by NASA to establish a data base to be available for possible development of future supersonic aircraft. The effort does not compare in magnitude or cost to the activities that pertained to the early SST development project. However, considerable progress has since been made in the various propulsion-related fields. It seems clear that the advances being made will be of great value to the design of tomorrow's supersonic airplanes. 
